Introduction
Between August 3 and 8, 2000, the Alaska Volcano Observatory completed a Global Positioning System (GPS) survey at Augustine Volcano, Alaska. Augustine is a frequently active calcalkaline volcano located in the lower portion of Cook Inlet ( fig. 1) , with reported eruptions in 1812 , 1882 , 1909 ?, 1935 , 1964 , 1976 , and 1986 (Miller et al., 1998 . Geodetic measurements using electronic and optical surveying techniques (EDM and theodolite) were begun at Augustine Volcano in 1986 . In 1988 and 1989 , an islandwide trilateration network comprising 19 benchmarks was completed and measured in its entirety (Power and Iwatsubo, 1998) . Partial GPS surveys of the Augustine Island geodetic network were completed in 1992 and 1995; however, neither of these surveys included all marks on the island. Additional GPS measurements of benchmarks A5 and A15 ( fig. 2) were made during the summers of 1992, 1993, 1994, and 1996. The goals of the 2000 GPS survey were to: 1) re-measure all existing benchmarks on Augustine Island using a homogeneous set of GPS equipment operated in a consistent manner, 2) add measurements at benchmarks on the western shore of Cook Inlet at distances of 15 to 25 km, 3) add measurements at an existing benchmark (BURR) on Augustine Island that was not previously surveyed, and 4) add additional marks in areas of the island thought to be actively deforming. The entire survey resulted in collection of GPS data at a total of 24 sites ( fig. 1 and 2 ).
In this report we describe the methods of GPS data collection and processing used at Augustine during the 2000 survey. We use this data to calculate coordinates and elevations for all 24 sites surveyed. Data from the 2000 survey is then compared to 
Survey Methods and Data Processing
All stations from the 1988 and 1989 surveys were recovered in good condition.
Station A10, however, was partially surrounded by en-echelon cracks with up to 5 cm of opening and its stability is suspect. Station A14 was secured with additional cement. We added station BURR , established in 1913, and three new marks during the 2000 survey (A18, LU01 and LU02), as well as STEP that was also surveyed in 1992 and 1993.
During 1995 several offset stations were installed on the volcano near benchmarks A3, A4, A6, A7, A10 and A12. These offset stations consisted of a central screw that allowed direct mounting of the GPS antenna. These offset stations were not included in the 2000 survey.
The 2000 GPS survey of Augustine was conducted with Trimble 4000 SSi receivers and Trimble Choke Ring antennas provided by the Department of Geological Sciences, Central Washington University (CWU) and the USGS Cascades Volcano Observatory (CVO). The antennas were mounted on tripods, centered either with optical plummets or self-centering rods and oriented to true north with a Brunton compass. All receivers were programmed to record satellite phase and pseudorange data every 30 seconds, with the minimum number of satellites set to one and the minimum recording elevation set to ten degrees. Power was supplied to the receivers by 12-volt 100 amp-hour batteries. These batteries provided the receivers with enough power to continuously record data for up to 72 hours. Our goal was to collect 24 hours of continuous data at each mark. The actual amount of recorded data actually varied from about 6.5 hours at West Augustine to as much as three days at some high elevation stations where inclement weather precluded retrieval for several days.
The 2000 Augustine GPS data were first processed at the Pacific Northwest Geodetic Array (PANGA) Data Analysis Facility at CWU using standard practices detailed in Miller and others (submitted) . Discrepancies were found in the comparison with earlier EDM measured distances, particularly in lines from station West Augustine.
In an effort to resolve these problems, independent data reduction was done using the USGS gp data processing environment developed by William Prescott. To make use of this processing system new station names were assigned in the rinex files. A table summarizing these changes is contained in Appendix B. The 6.5 hours of reliable data recorded at West Augustine spanned two UTC days and the PANGA processing divided the data between the days. In the USGS processing, data files that extend a few hours before or after the UTC day boundary were merged and processed with the adjacent larger file. This appeared to significantly improve the solutions, particularly at West Augustine. Differences between the PANGA and USGS processing at other stations were minor.
The PANGA and USGS gp GPS data processing both use the NASA s Jet Propulsion Laboratory (JPL) GPS Inferred Positioning System/Orbit Analysis and Simulation Software (GIPSY/OASIS II). Daily solutions for station site positions were determined within the 1997 International Reference Frame (ITRF97). Daily solutions were merged to provide adjusted geodetic coordinates for all sites surveyed in 2000 (Table 1) . Mark-to-mark slope distances were extracted from the adjusted network solution for comparison with earlier EDM surveys ( Table 2) .
We have made GPS raw and RINEX data files, copies of field notes from the 2000 survey, and the text from this report available for download.
Results
Mark-to-mark slope distances determined by the 2000 GPS survey and the 1988 and 1989 EDM surveys (Power and Iwatsubo, 1998 ) are compared in Table 2 . For this comparison, we have averaged the 1988 and 1989 measurements. For this preliminary analysis, we call the reader s attention to just those results that differ by more than an arbitrary threshold of 5 cm. Smaller changes may well be significant, but their interpretation requires additional work that will be reported elsewhere.
Of the 30 mark-to-mark slope distances measured in 1988 and 1989, 24 differ by less than 5 cm from the 2000 GPS results. Among the remaining 6 distances, the largest discrepancy was from station South Augustine to station A10. Station A10 is located high on the 1964 lava dome and fresh cracks were observed around it during the 2000 occupation, suggesting that it may be unstable. The 1995-2000 differences between BURR AUX and A15, and between Mound and A15, were also larger than 5 cm. A15 is located on a portion of the 1986 lava dome that is known to have subsided approximately 50 cm and moved slowly to the west since 1992. This subsidence is monitored by a telemetered GPS system (Murray and others, 1996) and GPS measurements between mark A5 and A15 made in 1992, 1993, 1994, 1996, and 2000 . We attribute this subsidence to movement of a large landslide block on the north side of the 1986 lava dome that is roughly 100 by 200 m in map view. The size of this block is estimated based on ground cracks that are present in the 1986 Lava Dome (Fig. 3) . Measurements to the other benchmarks on the summit dome complex as well as some short EDM measurements made across the summit dome complex in 1988, 1989, 1993, and 1994 indicate that other portions of the summit dome complex are stable. The change in distance between W. Aug and A8 (15.9 cm) is larger than expected, while changes in line length between Burr Aux and A8 during the same period is only 3.18 cm (Table 2) . Until A8 is resurved we are uncertain as to whether this change is the result of a data reduction error, local instability, or some other type of blunder. The large apparent changes between S. Aug. -A12 (5.1 cm) and Mound -A4 (6.9 cm) are also difficult to explain as other measurements to these marks show little change ( Table 2 ). The most likely explanation for these discrepancies would be systematic or random survey errors as described by Savage and others (1996) . 
Conclusions and Recommendations
Based on results from the 2000 GPS survey of Augustine Volcano we formulate the following conclusions and recommendations:
1) A complete island wide survey of 22 benchmarks now serves as a baseline to monitor future deformation. This network is tied to two additional marks on the western shore of Cook Inlet.
2) Benchmark A10 has become unstable since it was installed in 1988. This mark should be replaced by another mark on a more stable portion of the 1964 lava dome during future surveys.
3) Benchmark A15 is located on a portion of the 1986 lava dome that is subsiding and moving slowly to the west. The rate of this subsidence is roughly 8 cm per Benchmarks A1 through A18 (there are no marks A13, A16 or A17) are 9.5 cm (3.75 inch) bronze caps which are labeled US Department of Interior -Geological Survey, Cascades Volcano Observatory -Vancouver Washington . Measurements to each of these marks are made to a central stamp that is punched within a 1 cm (0.39 inch) square in the center of the mark. The exceptions to this are marks A5 which is 6.5 cm (2.5-inch) plain brass cap with a central mark, and A18 which is a 9.5 cm (3.75 inch) bronze cap engraved National Earthquake Hazard Reduction Program with a central mark. Benchmarks Kamishak, Mound, South Augustine, West Augustine, Burr, and
Step were established prior to 1986 and original descriptions can be obtained from the National Geodetic Survey. Burr Auxiliary is a plain brass cap that was established in 1973 and located by NOAA.
West Augustine -(153.5433W 59.3844N; 44.029 m).
The benchmark is located on the highest mound on the west island of Augustine. The top of the knoll is covered with rocks, boulders, and grass. Thick trees cover the sides of the mound. The benchmark is 1.5 m (5 ft.) south of the top of the mound on a rock outcrop. The benchmark is stamped "WEST AUGUSTINE", but it is marred and very faint. During the summer of 2000 it was possible to land a helicopter about 6 m (20 ft.) east of the mark.
South Augustine -(153.5234W 59.3232N 28.6476 m).
The benchmark is located on the southwest portion of Augustine Island. The mark sits on a tall grass-covered sand dune that runs parallel to the shore, and is approximately 69 m (225 ft.) northwest and upslope from an old shack (which had collapsed by summer 2000). To the north of the ridge are three large shallow pools. A wooden platform is located 9 m (30 ft.) west of the mark. The benchmark is a brass disk on a 5 cm (2-in.) pipe that has been driven flush with the ground. The benchmark is stamped "S AUGUSTINE 2 1964". There are also two reference marks in 5 cm (2-in.) pipes that protrude about 46 cm (18 in.) above ground. These are stamped "S AUGUSTINE 2 NO 2 1964", and "S AUGUSTINE 2 NO 3 1964". fig. 7) . The largest boulder is easily identifiable from the hut at Burr Point and from nearby benchmark BURR. The punch in the PAEK nail is very faint, which makes centering difficult. If the punch is not visible, the center of the nail head, midway between the letters P and K, can be used instead. Step on the western side of Cook Inlet (Fig. 1) . Augustine Volcano is visible in the background. . GPS equipment set up on station LU02. View is northward toward Burr Point, which is visible as a dark portion of the shoreline to the right of the station in this view. 
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